We investigate the implications of a seesawtype mass matrix, i.e., My c^ Wx.Mf'mjj, for quarks and leptons/under the assumption that the matrices m£, and mjj are common to all flavors (up-/down-and quark-/lepton-sectors) and the matrices Mp characterizing the heavy fermion sectors have the form [(unit matrix) + bf (a democratic matrix)] where bf is a flavor parameter. We find that by adjusting the complex parameter bf, the model can provide that m, > m^ while at the same time keeping m^~mi without assuming any parameter with hierarchically different values between Mu and M^. The model with three adjustable parameters under the "maximal" top-quark-mass enhancement can give reasonable values of five quark-mass ratios and four KM matrix parameters.
Introduction
One of the most mysterious facts in the quark mass spectrum is why top quark mass m, is so much larger than the bottom quark mass m^, while u quark mass m" is of the order of d quark mass w^. In the usual discussion of fermion masses, this drastic generation dependence of the mass splitting between members of each isomultiplet of quarks is attributed to an arbitrary hierarchy among the input parameters which is not completely satisfactory. It is therefore important to seek alternative ways to understand this feature. In this paper we argue that within the see-saw [1] type mass formula for quark masses discussed in the context of gauge models [2], a very simple explanation of this feature is obtained by imposing a specific universality ansatz for various flavor matrices. We then find that a slight generalization of this ansatz provides an extremely good fit to all the quark mass ratios and mixings.
Our starting point is the following specific see-saw type ansatz proposed by one of the authors [3] for quark and lepton mass matrices:
where M^'^ = diag(^me, v m^, ^/mJ. Here, for the upquark mass matrix M", the matrix 0/ (/= u) is given by
where 1 is a unit matrix and X is a democratic-type matrix [4] (1.3) which satisfies the relation X'^ = X. The up-quark mass matrix can then successfully give a quark mass ratio [3, 5] 3m^
for a large value of the parameter a". The value of a" is adjusted from the mass ratio mjm,. Stimulated by the phenomenological success of the mass matrix form (1.1)-(1.3), the authors [6] have apphed the mass matrix form to down-quark mass matrix, by '• considering that the parameter a^ is complex. They have found that the value of a complex parameter a<j which fits the mass ratios mjms and mjmi, gives reasonable values of not only Kobayashi-Maskawa (KM) [7] matrix elements Vij {i,j denote family indices) but also up-to-down-quark mass ratios mjm^, mjiris and m,/mi,.
Suggested from the form (1.1), it may be expected that such phenomenological success will also be obtained in the context of a seesaw-type mass matrix MfC^rriLMp^mR, (1.5) with miocmnozMl' and MfCcOf . Here, the expression (1.5) is derived from the 6 x 6 mass matrix for fermions (1.8), the values |a"| |> 1 and ai~ -ijl correspond to 6"^ -1/3 and fej=; -1 in the inverse matrix (1.7), respectively. In the present paper, we are interested in such a model that M" and M^ are "almost" symmetric, i.e., they have almost the same structure and they take parameter values which are not so hierarchically different between M" and M^.
The parameter ratio |a"/ad|~60 in the model (1.1) can be reduced to the ratio |bj/fc"| -3 in .(1.7). However, when we consider a model (1.6) (not (1.5)) with MfOcOp, one problem arises: Recently the CDF collaboration [8] has reported w, = 174 ± 10ij2 GeV as top quark mass from pp collision data at y's = 1.8 TeV.
On the other hand, the universal mass matrix m^, which breaks the SlJ{2)i gauge symmetry should be of the order Aw = (y2Gf)"''V\/2 = 174 GeV~m" or less. Then, the approximate expression (1.4) for up-quarks is not valid any longer, because if (1.5) is valid, 0{m[)~m, means Mu'mR~0(l) , so that it does not satisfy the condition 0(Mf) > 0(m[i) for the validity of the seesaw expression (1.5). This is also understood from the fact that the limit |a"| -^ 00 means the limit b^-^ -1/3 and the determinant of Mu becomes zero in the limit, so that the expansion of Mf in Mf ' can not be a good approximation.
In this paper, we do not use the approximate relation (1.5), but calculate directly the 6x6 mass matrix (1.6). In Sect. 2, we will give the outline of our mass matrix model. In Sect. 3, we will give an expression of Mf which is valid in the limit of b/-^ -1/3, i.e., det Mp = 0, instead of the well-known seesaw expression (1.5), and discuss the upquark mass ratios which are expressed in terms of lepton mass ratios and our adjustable parameters (see the next section). In Sect. 4, we discuss the fermion mass spectra by numerically evaluating the 6x6 mass matrix. In Sect. 5, KM matrix parameters are discussed numerically. In the present model, under some basic assumptions (see Sects. 2 and 5), the parameter fitting for quark mass ratios and KM matrix parameters (5 -f 4 = 9 observables) is done by three adjustable parameters k/K, bj and ^j (see the next section for the definitions). We will find that the value of m, takes the largest enhancement at 6^ = -1/3, while the relations m^^mj and (1.4) are kept. We can obtain reasonable values of quark mass ratios (not only mjm^, mjm" mjrris and mjmi,, but also mjm^, mjm^ and mjm^ and the KM matrix parameters, by taking b" = -1/3 and bi^ -1.
Outline of the model
In addition to the conventional quarks and leptons /, where/is the flavor index (f-u,d,v and e denote upquarks, down-quarks, neutrinos and charged leptons), and i is the family index (i = 1, 2, 3), We consider vectorlike fermions F,-correspondingly to /•. These fermions belong toA = (2, 1),/R = (1, 2), F^ = (1,1) and F^ = (1,1) of SU(2)i, X SU(2);{. A "would-be" seesaw mass matrix for the fermions (/ F) is given by (1.6). Gauge models which realize the mass matrix form (1.6) have been proposed by many authors [2] . Although the interest of most authors is how to embed the model (1.6) into a unification model in the framework of gauge theory, our interest is how to give realistic quark mass spectra and family mixing from the phenomenological point of view.
Suggested by the phenomenological success of the model (1.1), we assume the following mass matrix is an open question. We may attribute the origin of the democratic term X to SL permutation symmetry S3 [10], a BCS-like mechanism [11], a composite model based on the analogy of hadronic nP-rj-t]' mixing [12] , and so on. In the present phenomenological analysis, we do not discuss its origin moreover. The present model is left-right symmetric except for /c # 1. At an energy scale ^ = m^k [^ = mo) at_ which SU(2)R (SU(2)J is broken, the mass term F^mi^fn {fLifii^Fn) appears, so that we consider /c~m(Wjj)/m(W^£). The relation m^ = m^/Zc = moZ is merely a phenomenological working hypothesis. The matrix Z takes a diagonal form Z = diag(zi, 22,23) , (2.3) with the normalization condition zf + z\ + z\= 1. (In other words, in the family basis in which Z is diagonal, we
